Metagenome and metaproteome analyses of microbial communities in mesophilic biogas-producing anaerobic batch fermentations indicate concerted plant carbohydrate degradation.
Microbial communities in biogas batch fermentations, using straw and hay as co-substrates, were analyzed at the gene and protein level by metagenomic and metaproteomic approaches. The analysis of metagenomic data revealed that the Clostridiales and Bacteroidales orders were prevalent in the community. However, the number of sequences assigned to the Clostridiales order decreased during fermentation, whereas the number of sequences assigned to the Bacteroidales order increased. In addition, changes at the functional level were monitored and the metaproteomic analyses detected transporter proteins and flagellins, which were expressed mainly by members of the Bacteroidetes and Firmicutes phyla. A high number of sugar transporters, expressed by members of the Bacteroidetes, proved their potential to take up various glycans efficiently. Metagenome data also showed that methanogenic organisms represented less than 4% of the community, while 20-30% of the identified proteins were of archeal origin. These data suggested that methanogens were disproportionally active. In conclusion, the community studied was capable of digesting the recalcitrant co-substrate. Members of the Firmicutes phylum seemed to be the main degraders of cellulose, even though expression of only a few glycoside hydrolases was detected. The Bacteroidetes phylum expressed a high number of sugar transporters and seemed to specialize in the digestion of other polysaccharides. Finally, it was found that key enzymes of methanogenesis were expressed in high quantities, indicating the high metabolic activity of methanogens, although they only represented a minor group within the microbial community.